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ABSTRACT 


This thesis describes the desiga and implement- 
ation of a Digital Data Acquisition and Control System 
for the Trisonic Wind Tunnel under installation at the 
Aero, Bngg. Dept, of I.I.T. ICaJtipur, The controller 
coordinates the various control instruments in the wind 
tunnel such as valves, probes, model attitude gear, 
optical equ:lpnent etc, in real time. It acquires data 
from various sources of analog and digital incut s with 
respect to control parameters. Provision has been kept 
for e^rpansion and improvement of the system for greater 


accuracyc 



1 . INTRODUCTIOF 


Tile aim of the thesis is to design and implement 
a, digital data acquisition and control system for tho 
trisonic wind tunnel automation. Tho function of this 
system is to control various parajneters of the wind 
tunnel and acquire experimental data all in real time. 

^ *'• Definition of process ; 

A trisonic wind tunnel is under advanced stage of 
fabrication at Aero. Bngg. Deptt. of I.I.T. Kanpur. The 
relevant details of the wind tunnel fabrication have been 
given in Pig. 1.1. Till now aenonodels were being tested 
on slower i^anually operated wind tunnels which limited 
the volume and quality of data acquired due to tine 
criticality of the experiment. The new trisonic wind 
tunnel of I.I.T. Kanpur will bo the first in the country 
to have a computer control and data acquisition which is 
based on ppp 11/03. Tho digital controllor controls the 
operation of main and regulator valve ^ probe and model 
movement, camera and flash operation. Data is acquired 
through fast Analog To Digital Converter and parallel BCD 
inputs. The test object is mounted in the tunnel working 
space on: a support called sting which iS: given the directional 
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caovenent by stepper notdr--' based attitude control gear. 
Initially only pitch control is being inplemented. The 
probe for pressure measurements in tunnel working space 
is moved in Y direction by a stepper motor based linear 
gear system. In -the experiment which lasts for a,bout 20 
seconds, measurement of aerodynamic forces on the model 
(surface, temperature and pressure in the tunnel working 
space and floxf pattern observation and photography 
through a Schliron optical system is dono. 

The transducer probe for pressure measurement is 
halted to each grid point as defined in the initial para- 
meters, its reading is taken through A to D convertor and 
it is moved to next grid point.. The model incidence is 
fixed by means of a stepper motor attitude control gear 
system for which initial and incremental pitch are defined. 
The aerodynamic forces .on model surf, ace are measured 
through scan! valve assembly. Tomperature is measured by 
a fixed platinum resister , probe through a temperature 
module giving BOD output. 

1 .2 Operation ; 

The conditions of the experiment are set inter aotively 
by the user by way of defining requisite mimbor of parameters 
These parataoters are duration of the experiment, number of. 
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pressure and temperature- probe readingSj imnber of camera 
snaps ■fee bo taicen, initial and incremental pitch. Those 
details are entered through Deewriter console. The computer 
then determines the timing events and pulse sequences. 
Thereafter computer checksthe readiness of various sub- 
assemblies o.g. amplifiers, power supply, valves, probes etc 
This is folloxired by amplifier zero offset and calibration, 
storing the gain for future refcronco. Once the system is 
ready in all respects command fox' opening of main valve 
is issued, computer waits for full open indication and issues 
comi'riand to open the regulator valve. (This valve is 
seporately preadjusted to meet the required regulation 
using its own control panel). Thereafter a delay of 10 
seconds is given to roach steady state flow conditions, low 
our controller starts the prograi^miablc clock for its count 
down schedule for next event. It tal^os the first set of 
tomperaturo and pressure probe readings (the initial probe 
and model position is fixed before the expoi’inent starts). 
The Camera and flash is energized The probe and model 
attitude is now changed to new positions, how the computer 
waits for next time event to take place thereupon the cycle 
repeats. The scaiiiv.alve is given a command to lock its 
ports at the: scheduled time. The experiment stops after the 
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required nunToer of readings in given tirao frame arc over. 

Kow the scanivalvG data is collected thrcugli its transducer 
multiplexer system. The data collected is in BCD foimat 
for 48 ports. This data and temperature data Doth of which 
are in BCD format are now converted to correct decimal valtie 
and stored. The data after nanupulation is stored in a 
floppy disc file. At present only single job environment 
of Real-time 11 operating system is being used, completed 
program is in BASIC which can be easily modified by inserting 
the pj-opQpline number. Thus flexibility is maintained. 
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2. COMPUTER & PERIPHERiliS SELECTION 


The Aero. Engg. Dept, received proposals for computer 
systems capable of control and data acOj^uisition as listed 
in Table 2,2. The general critaria for selection were 
as follows, 

2*1 A dedicated Digital (Coiuputer with following facilities. 

i) East data acq,uisition up to a raamimuia of 200 samples 
per second from digital and analog sources. 

ii) East Randam access primary memory of at least 1 6K 
words and at least 500K of secondary bulk storage 
memory with access time not acceeding 10 m.s. 

(track to track). 

iii) At least 16 bit digital J./0, minimum 8 channels of 
analog inputs 0 to + 10V with at least 1 2 bits, of 
resolution. 

iv) DMA option and add on module capability for future 
expansions. 

& 

v) Programiaable real time clock and at least one level 
of interrupt facility, 

vi) Capability to h-ook on to larger systems of I.I.T. 
Kanpur to expand/share resources. 

vii) Cheap and realiable I/O device availability with 
the system. 

viii) Higher level language support of Eortran~IV/Basic 
with Real time operating system. 



T^LB 2.2 
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i 

2 

3 

4 

5 


proposed System 

Word 

Length 

Int errupt 

Pr .Memory 

Secondary I/O 

Memory Device 

1 . Computer 
Automation 
Hacked Mi Hi 
A-1SI3/0 5E 

1 6 tits 

Yes 

1 6K words 

51 2K 
words 

ASR -.35 

PTR 

2. Computer 
Automation 
Halted Mini- 
LSI~2/20 

!1 

1 6 level 

tt 

It 

II 

3. Intel System 
80/20 

Microcomputer 

8 bits 

8 level 

4K words 

II 

n 

4. DBC Dat 

11/03 Package 
minicomputer 
(LSI 11/03) 

1 6 bit s 

1 level 

1 6Z wo r d s 
MOS 

II 

II 

5. HP 3052 A“ Aut- 
omatic data 

Acquisision system 
with 3437 a voltmeter 
scanner 3455A 

- 

7E 

25 OK 

casset 

Calculator 
console & 
character 
printer 


Digital voltage 
9 82 5 A calc^llator 


6 . HP 3050B - 

Automatic data 

acquision system - - 7K " TTY & 

with 349 5 A YIR 

voltage scauner 
3490A Digital 
Multimeter 

8390A Programmatle ' 

calculator 
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Ti51E 2.2 contd. 


Proposed System 

Programmahle 

clock 

Options language Remarks 

and 0/S 

1 . Computer 
Automation 

Hacked Mi Hi 
A~1SI3/0 5E 

Yes 

DMA BASIC 

-p,-p/p^ Fortran IV 

Real Time O/S 

D/A 

2. Computer 
Automation 

Naked Mini- 
LSI-2/20 

Test up to 

10 KHz 

1 6 hit Digi- ” 

tal I/O, 

32 hit Relays. 


3 . Intel System 
80/20 

Micro comput er 

Interval/ 

event 

counter Two. 

Synchronous/ PL/M 

Asynchronous 

interface, 

Serial I/O- 
Parallel 1/0-48, 

A/D“42 hit s 


4. DEO Lah 11 /03 
Package mini- 
computer 
(LSI 11/03) 

Yes upto 

10 mz 

ADC 12 hits BASIC 

DAC FortranlV 

1 6 hit parallel APL 

I/O, DMA 2000 Real 

Samples per time O/S 

second man. 

6000 samples. 

EIS, FPIS, 
Scientific 
subroutine 
package & 
direct 
hook on 
compatahiliiy 
to DEO systeir 

5 . HP 3052 A- Auto- Digital 

matic data clock 

Acquision system 
with 3437A voltage 

Buffered I/O HPL 

HPIB, 

Plotter 

Only data 
acquision 
sy st em no 
controls , 


scanner 3455A 
Digital voltnoter 
9825 a calculator 

6, HP 305 OB Digital 10 channel HP Relay 

Automatic data clock Relay Basic outputs 

acquision system actuator : only with 

with 349 5 A group data. . .. 

voltage scanner acquisition 

349 OA Digital 
Multimeter 

839 OA Programmahle , 
calculator 
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ix) Off the shelf corapact rigid model to suit 

lah applications, no need of special dust filtering, 
operating at 230V +10/i, 50 cycles + 2%, temperature 
range up to 100<^i' 80%, 

x) Realialle after sales service with spares support. 

xi) Must fit with-in the financial constraints of 
foreign Exchange release. 

2.3 A critical evaluation of the propos.ais in Talle 2,1 
and til e.ir technical summary showed sinilority of characteristics 
in all systems except proposal no. 5 of HP which was purely 
data acquisition system and proposal no. 6 had limited 
relay control available , Besides HP systems are calculator 
based thus limiting their capability. Dec PDP 11/03 meets 
all the critarias of O/S, languages, timing, environmental 
and financial constraints. Although similar systems of 
proposal no. 1 & 2 were slightly cheaper, the Dec proposal 
no, 4 was available in compact Lab package form. Already 
about 45 PDP systems are installed in India thu.s insuring 
after sales service and spares availability. It is known 
to be realiable system as many such systems are under 
use in defence installations who are known for their 
environmental specs. It also meets future hook on 
capability to proposed Dec 10/90 system of computer centre. 



LA“36 is a fast realiable I/O device adjustable from 50 to 
300 bauds taking adjustable paper width, pdp 11/03 is LSI 
based nses all instruction of pdp 1 1 family. Its memory 
can be expanded and modules can be added on. (Details of 
A/D, D/a converters, parallel I/O, clock modules of pdp 
11/03 are given in Appendix A, end other hardware in 
Ohapt er 3 ) . 



3. ffiPIMITION OF HARDWARE 


This chapter includes details of wind tunnel hardware 
associated with computer which were designed/fahricat ed o 
purchased during the work on this thesis. Relevent 
IBM-1800 DAGS hardware has been briefly touched in Chapter 5 
pdp 11/03 hardware details have been given in Appendix A* 

5 • ^ Main Valve (Gate Valve/lsolator Yalve) 

This Valve has been manufactured by BHEL. This 
valve isolates the high pressure storage tanka from test 
section (Ref. Fig. 1.1). This valve connects the storage tanks 
to tunnel working space through a regulator valve. The 
valve gate is driven bya servo controlled three phase AC 
motor. Servo system has inputs for remote operation. The 
valve open/close position is indicated by Torq.ue switches 
(Ref. Fig. 3.1). The full open/ closed indication has been 
used for giving indication to the computer for relevent flag 
checks. This is changed to TTL level through nand gates 
configuration. At present only full open indication has 
been provided to the parallel l/O DRCSR bit Ho. 7 for full 
open sense. Later on when the control console is ready it is h 
proposed to provide the ready flag also for automatic check 
of the readiness of valve subassembly. (Ref . AP. A Fig. 1 .4) . 




KMO~ TORQUE SWITCH f’OR POSTTIOM OpSW 

torque switch for posmoti CLOsep 

KPO- TERMINAL SWITCH FOR POSITION OPEN 

KPZ„. terminal switch for position closbp 
so »-SIGWALLIWO SWITCH FOR POSITION OPEN 
sx ^sionallino switch for position closed 
VI, V2~ resistance transmitter. i/lOO OR 2/100 Jt 
M -.MOTOR 
B -ftRAKE 


: MAW ..wfeVE-..i, 

ANO SCKS.ME TO HOOIC QIV TO OF Pm IX /qS 
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5*2 Regulater Valve 

Tliis Valve has been manufactured by NiSJj with the 
remote control panel. The valve regulates constant flow 
of air through tunnel working space during the 20 seconds 
experiment. The parameters for regulation^, permissible 
error is set at the control panel which has also visual 
indication to show the current flow and tank pressure. This 
valve takes 10 seconds for achieving steady state condition 
of flow for which the software system makes provision. The 
computer only commands the opening of this valve thereafter 
complete control is maintained by its own hydrautic regulator 
system . Ready sense is proposed through nand gating 
(Rig* which xfill be introduced after the control 

console is planned, 

3.3 Tunn e l Working Space ; 

Tunnel working space is a 7'' x 9" section where the 
test model, temperature and pressure probes are mounted; 

The temperature probe is permanently fixed to a position. 

The pressure probe has a transducer which is moved 

up and down in y direction. The model is mounted on an 
attitude control gear (only + 18° change is attitude 
permissible from horizontal position due to limited 
space)., : The two sides of the tunnel working space are ; 
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provided with, transparent windows for ob serration/ photo- 
graphy and schiloren optical gear. (Ref. Rig, 1,1)* 

3*4 Scani valve gLibsystem ; 

The system has been manuf act ixred in USA and assembled 
by NAh with provision for signal conditioning and amplifi- 
cation, This is a 48 port model for the pressure range 
of 0.01 psi to 500 psi. The ontput is available in 
BOD 4 bit format for both the pressoire and port number. 

It has 24^ DC solenoid motor di'ive 24 ports cutoff valve 
(Qty. two) with an autoscan rate of 5 ports/sec, or 2 ports/ 
sec. or 1 port/sec. Due to this limitation it is proposed 
to collect data after the experiment is over. 

The scani valve is a pressure multiiolexing system 
capable of sequencial scanning of upto 4-8 unknown pressures 
using a single high precision pressure transducer* The 
multiplexing system was developed to save the cost of 
multiple transducers (each f 400), 

The system consists of a pressure multiplexing unit, 
a multiplexer control unit, a digital voltmeter and 
optional digital printer. The pressure multiplexer unit 
is Capable of remote control which is proposed to be done 
by the digital controller. The unlmown pressures are 
connected to the system through the pneumatic input pipes* 
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CUT-OFF VflLVe 
ON /OFF 
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• ' OUT PUT 
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auto/ MAN- 

HOME. CCT cf- POWE.R SUPPl-Y 


F1Q3-2 SCHEMflTIG CIRCUIT DIGRRK OF 4-9 PORT PRESSURE 














These inputs are internally plunihed to two cutoff valves 
which are 24 way on/off pneumatic valves. The outputs of 
the cutoff Valves are connected to 48 storage volumes for 
pressure trapping. The other end of these volumes are 
connected to scani valve. These storage cylinders are 
scanned one hy one hy the pressure transducer fitted in the 
static assembly giving proportional electriaal output. The 
electrica,! output is through a bridge, it is conditioned, 
amplified and displayed on the hVM, Both pressure and port 
identification are available in BOD format which are being 
interfaced to the input buffer of DE.V-1 1 , 16 line input. 

The DWI can also be switched on to read transducer excitation 
voltage for accurate cali'bration. All necessary control signals 
are generated in the s3rstem (Ref. Pig. 3.2 & 3.5). 

3 . 5 Temperature Sense Subsystem ; 

This is a dedicated subsystem of Catiare Electronics 
England . This system uses a platinum wire resistance of 
100 .-L for sensing change in temperature. The unit is 
calibrated at 0°G standard. The subassembly except the 
element is being imported from the manufacturers. The unit 
consists of a regulated precision DC power supply source for 
element excitation, balance bridge, signal conditioner, 
amplifier and display unit . It , has the option for BOB - 
4 digit ,+Ve logic output format. This output is being , 
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connected to DRINBUP of DRV-1 1 for acquisition purposes. 

The controller issues a hold signa,! to this unit while, 
the data is being acquired by the computer to avoid change of 
reading. The unit gives ah accuracy of +.1 °C with .1 °C 
resolation with a reading rate of 5 readings/second. It 
also provides sign indication. 

3 • 6 OaJaera/Flash Subsystem s 

Ror provision of observation and photography the tunnel 
working space has been provided with two sides of trans- 
parent windows. The schileren optical system arranges 
for the illumination of the models reflection of a coherent 
light beam. The reflection of the object can be seen on the 
glazed glass window screen, The photograph of the test model 
and flow pattern can be talcen at scheduled intervals. 

Cannon P.1 camera with motor drive mainframe has been 
selected for automated photography. This is a 35 mm single 
reflnx focal plane shutter camera (1 to 2 0 0 0 second 
speed) . The main frame motor drive has been added to 
facilitate rapid advance of the film enabling 3.5 frames/ 
second exposure. The unit is self contained for power. It 
provides facility for remote control through its timing 
unit which has been derived through computer output. The 
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The remote input lias been connected to OUTBUP of DRV“1 1 
to bit No. 15 for camera and bit Ho. 14 for flash.. The 
req^uired timing pulses which are critical for operation 
have been generated through software routine. (Ref. 

Pig. 5.6 & 3.8). 
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Figure 5 . 8 


Ta Start time - 'O’ 'ref. 

Tb Stop time- 20 seconds. 

T Total length of operate 
time ~ 20 seconds. 

TI Settling time for one 
shot seconds. 

Continuous shot line. 


3 • V Traverse G-ear Probe Subassembly ; 

This subsystem is used to move the pressure transducer 
probe up and down along the y axis. (The software has 
provision for 4 degree of movement freedom). The probe is 
mounted on the down-stream portion of the tunnel working 
space. Stepper motor configuration has been utilized for 
the movement of probe through linear translation gear. 

Stepper motor has been, chosen for easy and precise control 
through computer generated control pulses. The stepper motor 
takes 200 steps to make one revolution i.e. 1 . 8 °/st 0 p. ; The 1 
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translater has been fabricated and tested witb the help of 
control signals from IBM-1800 based program. The digital 
controller generadies a train of pulses of required width at 
scheduled timing intervals through its digital output 
module. This is fed to the motor controller. The speed of 
the motor and direction can be altered with-out hardware 
intervention. One bit output i.e. bit 01 of OUTBUF has been 
kept for direction control ('O' for forward and 1 for reverse 
direction). The bit '0' controls tho number of steps to be 
moved by giving output of the required muaber of pulses. The 
two bit output of the computer is fed to a hardware sequence 
generator which is made of two D flip flops synchr*onously 
clocked. The and Q2^^2 are fed to driver 

stage before applying to the motor winding. During trial 
it was found j for smooth hunt free operation of motor a pulse 
of 9 ms with 5 ms difference between two successive pulses 
is required, (This test was done for a 100 step motor). 

Details of the circn.its and pulse configuration is given in 
Pig. 3.6 aiid Pig, 3 , 7 . 

The input from the probe transducer balance bridge 
is given to signal conditioner and instrumentation amplifier 
for direct input to A/D converters of pdp 1 1 /03.': The amplifier 
is calibrated before the start of the experiment and its 
zero offset is set . All lOs have been used (Ref. , Pig. 3.4 , ; 

and 7 . 7 ) . 
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5 *8 Model Attitude Control Gear ; 

The test model is mounted on a support controlled 
by model attitude control gear. This gear system is designed 
to change the pitch of the model aircraft. The model is 
given an initial pitch and is moved to next pitch point as 
defined by a parameter of incremental pitch. Due to limited 
space of 7" x 9" tunnel a maxiimam movement of 10 steps in 
either direction of horizontal reference lino has been 
restricted. Earlier it xms proposed to uso a heavy duty 
A/C motor controlled thro'ugh Analog o/p of computer but with 
the availabilitjr of higher Torque stepper motor the later 
has been selected. This becomes necessary due to high 
aerodynamic^ forces on model surface. A reduction gear 
further will give 1 0 times more Torque output at model control 
gear. The drive and control circuit for stepper motor 
remains the same. DE.0UTBUE bit Noi. 7 and 6 ha, ve been 
allotted for directional and stop control of the motor 
respectively. 

Digital I/O Interface to pdp 11/03 ; 

This is used to give outputs to control camera/ 
flash, operation of valves, oxceration of stepper motors 
for probe and model attitude gear. It is used for input 
of data from flags, BOD output from transducers. (Refi , ^ 

Appendix a). 
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5 0 -Analog l/p Interface to pdij 11/03i 

This is used to sense the transducer input from 
pressure probe. It is dealt in Appendix A. 

5 •'I 'I Multiplex Card for Digital Input ; 

This Card has been fabricated using DM 74157 Quad 
2 line to 1 line data selector chip. Thus 4 chips are 
usod to control 1 6 bit input to DRV 1 1 , from 32 data input lines 
of temperature probe, flags and scanivalve. Two bfit-ts (04 & 05) 
have been earmarked for the control of this card which will 
need expansion to 64 to 1 6 line selector with the inclusion of 
flag checks for readiness of subasscniblies. 

It is proposed to introduce (Ref. Dig. 1 .3 Appendix A) 
automatic flag checks for subsystem readiness at a later 
stage. The flags will be set for all subsystems and one bit 
will be allotted for each flag to be input to DRY 1 1 inpu.t 
buffer through multiplexer card. This will replace present 
man-machine dialogue on servicability ,( /^iso Ref, Fig. 1 .4 
Appendix A) . 



5T/-1P r 

('POr.Pl-lt' 



/ 
















25 


4. SOFTWARE DESIGW 

The software design is based on the prograromablo 
clock event generation capability. The timing event is 
taJ-Oon as a reference point to start the S0q_uence of 
readings and control outputs. After' the regulator valve 
is given control signal to open there is a 10 seconds 
delay for stablization of flow conditions in tunnel working 
space. Immediately following this the buffer of the 
programmable clock is filled with an integer number a 
multiple of N1 /N2 (Total time of experinient/n-umbor of 
readings of probe). The clock starts a count down of this 
number to present the next event for reference. In the 
mean time 1 st sot of readings of probe for pressure and 
temperature are taken and the probe and aircraft model is 
moved to next position, now the system vraits for tho 
time-event interrupt. On occuranco of tho interrupt the 
system performs the task of taking readings and issuing 
control signals if necessary for scanivalve also and the 
clock buffer is refilled with this integer nninber which 
again starts its count -down schedule for the next event. 

This process is repeated till the required number of readings 
have been taicen. The interrupt routine in principle must 
be core resident which does the task of reading, the probes , 
and i ssuing control signals f or pr obe and pit oh drive 
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raecha^iism. Figure 4«.' gives a simplified flow chart of 
the design. The mainflow chart covering the general 
characteristics is as per Appendix the main features 
of tho flow chart are as follows. 

^ • Conversation and data entry routine ; This routine enters 
data through console type-writer in tho form of man-machine 
dialogue in question answer form. This has Been done with 
the assumption that the experimenter may not be a computer 
trained personal. First the date, experiment number, 
mach number and experimenter’s details arc entered followed 
by experiment parameters input of total tine of experiment, 
number of probe readings, no. of snaps to be taken and 
inotial and incremental pitch. These inputs are stored and 
based on these the prograhmablo clock is driven for event 
generation and processor to givo appropriate reading and 
control signals (pulso train). This parameter input part 
may be replaced by automatic chock of thumbwheel switch 
inputs . 

2* Sub-system readiness check routine -. This routine is also 
in the form of man machine dialogue to assert ain readiness 
of all tho associated subsystems o.g. DO power supply, 
scanivalve system, probe and model attitude drive systems, 
calibration and analog input subsystems, camera and flash V 
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equipment. Provision has also been made to bypass the 
subsystem not likely to be used in that particular experiment* 
IThen the control console is finally designed it is 
proposed to automate this routine through flag checks. 

Each subassembly shall give a TIL output to the digital 
input buffer of the computer (known as flag) which will 
be automatically scanned for its asserted level. (Ref. 

Fig. 1.3 Appendix A). Any bit not set will be reported on 
the console to check if the subsystem is required to 
be bypassed, 

5* Calibration routine ; This routine is again in interactive 
form which outlines the procedure for setting zero offset 
and Calibration. It issues instructions to connect precision 
reference voltage at the amplifier input to calculate gain 
for later reference while reading the input through computer 
A/D converter. This routine also may be automated through 
the u.se of relay selectable voltage references for which 
bits are available on Digital output buffer. 

4* System readiness check rou tine; This routine again checks 
the system readiness as one unit ahd issues control signals 
to bring probe and model to initial, position. This is to 
fix the initial positions for the first set of readings. 
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5* routxrie ; This routine gives the control signal 

to the main valve to open its port and checks for its 
full open sense flag. When the full open sense flag is 
set it issues control signals to switch on the regulator, 
valve, thereafter it starts the clock to count for 10 
seconds to give stahlization delay. On expiry of the 10 
seconds delay period the pr ogi-ajamable clock is instructed to 
start its count schedule while the set of readings and 
control signals to fix the new positionsare issued, 

traverse gear control routin e: This routine derives 

its input . in the f®rm, of number of steps to be moved/reading 
(number of steps = 200/Number of total probe readings to be 
taken). The routine generates through software a sequence 
of pulses for the required number of steps to be moved along 
with direction control (bit asserted zero for forward and 
1 for reverse direction). The outmt of sequence of pulses 
and direction control is given to the stenper motor controller 
hardware . 

vT&iitine 

"7* Model attitude control geary :;/;This routine is similar 
to number 6 above. It derives its control parameters of 
initial and incremental pitch throug'h conversation routine. 

The task of this routine is to allign the test model to 
the required attitude as defined in experimental 
parameters. 
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8* Analog, d ata Inmt routin e; TMs routines defines the 
analog input channel nxnnber and the variable to which the 
collected data must be assigned. The routine takes the 
analog input from the pressure probe and stores it for 
fLiture reference. 

9* Programmable clock routine ; The input to the routine is 
defined by the duration of the experiment and number of 
maximum probe readings to be taken. The clock buffer is 
filled by an integer number propoi’tional to the time event 
and crystal frequency. The clock generates an interrupt 
when the count down is over. It is either called by 
itself through the routine or fills up the buffer again 
and starts the count dom schedule by itself for next event. 

In case of IBM 1 800 the timer calls itself while in case 
of pdp 11/03 this is automatically done by mode selection. 

^0. Qamera/flash routine : This routine determines the 
requirement for camera/flash operation as defind by 
experimental parameters. It checks the counter flag for 
its turn and issues required conti’ol signal for the activation 
of camera and flash through digital output buffer through 
two bits allotted for this purpose. The' camera operation 
needs a pulse of 100 ms tsridth and the flash of 10 ms 
width which are software generated. The camera takes a 
snap, & moves the film to next frame for exposure. 
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1 • Scanivalve routin es This routine checks for the time 
event when a control signal must be issued, to lock the 
ports. Once the ports are locked this routine is called 
again after the experiment is over to collect the BCD 
data from the ports and store the same in the array. 

2 . Temperature routine : This routine checks the time 
event for taking the temperature reading. It issues a 
temperature hold command and takes the probe reading and 
then clears the hold so that the module can sense the new 
temperature. The data in BCD format is kept in an array* 

'^5. Data correction routine ; Here the collected BCD data 
from the arrays of pressTire and temperature probe arc taken 
and converted to correct decimal value for storage. 

The IBM-1800 DACS is discussed in Chapter 5 . The pdp 11/03 
DACS is discussed in Chapter 6 . Both the software 
implementations are dependent on the above logic. 
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5. IMPLBIVIENTATIOF DETAILS IBM-1800 


This chapter describes details of IBM-1800 TSX 
operating system and DAOS implementation details which were 
used to demonstrate the feasibility of the concept. 

5 • 1 I BM-1 800 Time Sharing Executive System (TSX) (Eef , 1 800-3 6- 

pp 1-2) : 

Real time applications have two chief characteristics 
(i) continued on line communication with some external 
process (ii) necessity to keep pace with associated process 
in operation. The TSX operating system takes care, of these 
two problems. It acquires data from both.m line and off line 
tasks with the help of foreground and background environment 
operation. It has essentially two parts 

i) Skeleton executive 
ii) non process monitor 


The skeleton executive process control and data acquisition 
application are serviced in the on-line mode while the 
non-process monitor operares in time shared/independent off 
line mode. The background job is done when foreground 
relinguishes control. The minimum configu.ration for TSX is 
a processor with at least 8K primarymemory, secondary 


disk memory, keyboard and OR. 
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5.1.1 Modes of operation ; (Ref « 1800-36'” p-o 37) 

In a real time process the computer must rapidly respond to 
the signals by conveying some output to the process. TSX 
in this mode operates under skeleton executive. Here the 
operation can be monitored/controlled by user written 
program. Ihe process may be shared between process and 
non-process work. All core loads/pr ograms are accessed from 
system resident disk pack. In the off line mode the TSX 
operates under TASK (temporary assembled skeleton) as 
dedicated N.P. monitor system. Typical OPI line 
applications are assemblies, compilation, utility function etc. 

5*2 System conce-pt ; (Ref . 1800-56 pn 3 to 26) 

Skeleton executive is the back bone of the system. It 
is core resident for real time while' other portions of the 
system are swapped from the diskas and when required, 

(lor memory map ref. Fig, 5.1). 

progrejn segementation known as core load is used 
to extend use of limited core memory. The skeleton executive 
on core is devided as follows s 

1 . Skeleton I/O 

2. Inskel common common anea in skeleton for 
communication among various types of core load 
used in the system. 
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3. System Director It direct s handling of interrupts, 

supersises raain line core 
loads execution or programs, serv- 
ices error condition, maintainine 
interval tine & NP nonit or » 

4. User V/ritten Programs Frequently used SE.S e.g. 

interrupt service routine, time 
counts etc. 

5.3 Int errupt Handling ; 

It consists of hardware priority structure, corestore 

data area for each interrupt level ohd master interrupt 

control program (MIC) to recognise the source of int errant and 

direct its servicing. There are 3 fixed and 24 additional 

sources of interrupt levels assignable by the user. Each 

interrupt line is positioned into a, table of priority. 

Request line is activated if no higher priority interrupt 

servicing is done else it is queued. A unique address 

associated with the interrupt level is supplied to the system 

to locate its service routine. For quick service the routine 

must be included in skeleton at sys. gen. time. The reason 

be 

that the feasibility could not^limitod to 20 sec. time limit 
was that the interrupt service routine could not be included 
in skeleton as due to unability to, do sys. gen. for want 
of the punch unit , 
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5*4 Interval time rs; (Ref. IBM 1800-36 pp. 42-46). 

I'l'iose are used for periodic scheduling to generate 
l/O events. The counter is loaded uitli an integer numher 
and a program controlled coimtdown to zero is initiated which 
gives an interrupt which can he used to initiate digital 
I/O 5 analog l/o , relay actuation etc. 

5 » 4 Basic concept of DAOS in IBM-1800 : 

The hardware details and configuration of IBM-1800 
DAGs is given in Pig. 5.3. Each of the functions of digital 
I/O 5 Analog I/O in the DAOs is iraplomented by some disk/ core 
resident program. In general there is two way data flow 
across the process and computer interface through process 
I/O hardware which significantly affects the software 
requirements. Most important is analog I/O requiring relay 
and multiplex devices coupled wirh multichannel priority 
interrupt system. 

5.4.1 Analog Process I/O ; 

A/D converters are used to convert the resultant 
analog signal for computer entry to equivalent digital 
value. A multiplexer is used to scan, different channels. 
Similarly D/a conversion' is done vice versa to control the 
analog devices. Thus A/D and, D/A converter give a digital , 
computer ability to oonmiunicate, .with /process signals and 
control equipment. 
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5.4.2 Digital Process I/O ; 

These are used for digital signals to control relay 
operation, give a sequence of pulsed outputs, check flags, 
input d igit al data/ out put digital data to the controlled 
process. 1800 also provides contact sense and level sense. 
A process interrupt is like a voltage sense. Digital data 
can also be read under program control and moved to assigned 


area 

by cycle 

steal. 
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V/ind tunnel control. and data acquisition concept 
feasibility was demonstrated on IBM- 18 00 with software 
written in Fortran IT. The fortran program, is given in 
Appendix 0 which is based on. general flow cha=c''t of Appendix B 
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The main prograJii "ROTS'' is loaded in to the core by cold 
start or EAO (Error alert control). ROTS defines initial 
parameters of the duration of the experiraent^ number of 
probe readings and caJnera snaps. It also defines Table 
values for pulse output to drive the stepper motors and 
cafiera mechanism. It does the task of unmasking, calibration 
and timer setting. The timei- calls "level 8 routine 
through "Gen" to execute the interrupt routine. Thereafter 
the tinier calls itself to maintain tho periodicity 
till the required number of readings Eire over when it 
relinguishes control to main line core load through call IN TEX. 
In the routine certain parajiiotei’s wore assumed e.g. number 
of readings to be taken from probe. Hence the timing 
of 20 seconds was not imposed due to problem of sys. gen. The 
total experiment took 52.4 seconds. The same could be done 
in 20 seconds by storing the interrupt routine in skeleton. 

The experiment is dependent on periodic scheduler, to take 
readings and issue control signals at defined events. The 
main routines are as follows. 

5 . 5 • 1 Main Routine "ROTS " : 

This is the main line core load routine. It reserves 
common areas for array » flags ajid counters used by main line 
core load. It defines files for I/O to, reserve space in the 
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disk. It defines initial table values for digital output/ 
relay output routines of probe and model attitude gear and 
caJ'iiera. ’ It does unmasking through call UlMK and uses 
conversation subroutine. Delay, Calibrcition and pitch sub- 
rout ines» _It does initialization of all tables and sets 
probe and model attitude to initial value. It gives 10 
seconds delay to regulator valve for stabilisation before 
the start of the experiment. It starts the clock to note 
execution times. It starts timer to start count down for 
event interrupt. This is followed by call VIAQ the last 
statement of a core load, 

5.5.2 Subroutine 

This is the initial conversation routine to feed 
experimental parameters interactively. This also acesses the 
subsystem readiness before the experiment commencement. 

5 o 5 . 3 Subroutine Delay ; 

This subroutine is used to give required delay for ■ 
the pulse outputs e.g. 9 & 3 ms for stepper motors and 
100 & 10 ms. for camera and flash equipment. The subroutine 
also gives required number of pulses for the steps to be 
moved along with the direction control. The do' parameters 
were used to establish the; correct pulse widths for smooth 
operation of the stepper, motors. (M & N , are tbe array 
parameters). ' 
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5 " 5 . 4 Subroutine "Gen " ; 

The skeleton contains a timer subroutine for timer 1 
■which is called by system subroutine call timer, which is 
given either number 1 or 2 depending on A or B timer. fn 
integer number represents the count vaive in the counter. 
Vflaen the count is over this SR G-en. is called which 
Calls level 8 interrupt core load which is disk resident 
in core image format. 

5*5.5 Subroutine PIT .? 

This subroutine does the task of generating the 
required pulse train for the control of the stepper motor 
driving the model attitude gear to change the pitch of the 
aeromodel. It sets the table contents of IDATA and then 
calls system SR of DO to set the required bit pattern in 
digital output register. It uses delay SR to give the 
pulse right width. 

5.5*6 Subroutine Gal ; 

This SR is used for calibration of the amplifier 
and setting its zero offset. This inturn calls AIP sub- 
routine to define input channel number of the variable 
where data can be stored. The calibration is done through 
interactive dialogue. It then stores the gain for future 
reference. 
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5 • 5 . 7 Level 8 Interrupt core Load "kOTSS " s 

The interr-apt core load "ROTSS" is called tlirough. 
subroutine Gen. on expiry of the timer count. This interrupt 
core load program is kept in the disk in core image format 
for quick loading. It uses common areas reserved for 
communication by "ROTS". It calls system SR LO to 
communicate to stepper motor drive system of pitch control 
by using the table values IPOSE, the table valuesare 
modified as determined by experiment parameters. Delay SR 
is used for pulse width control. The probe analog readings 
are taken through AIP subroutine leaving the value in a 
variable. The camera and flash are operated through 
contact operate again by defining table values of IKM. If 
the required number of readings is not over the timer is 
again called to start count , on completion it hands over 

the control to main line core 3.oad through call IRTEX. 
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6. IMPLETWTTATION details OE PDP 11/03 

This chapter describes the real time operating sysiem 
of PDP 11/03 called RT-11 and the implementation details 
of software. 

^ * 'I RT-I 1 Operati n g System ; 

RT-1 1 is a disk based single user real time operating 
system designed for interactive program development an.d/or 
online application on pDP 11/03 series of DEG. It supports 
both single job (SJ) and foregx'ound background (PB) modes 
of processing. In addition it does a variety of system and 
program development utilities. It also supports Eortran IT, 
Basic, Focal and APL higher level languages. It is a device 
independent system giving full monitor services e.g. file 
management, control of system operating characteristics, 
integration of system state and resources and interrupt 
servicing. It offers special advantage in lab application 
purposes. The I/O system has device handlers as files on 
system device. 

^ • 2 Monitor Orginasation ; 

The optional two monitors of SJ .and FB caji be used to 
users advantage. The FB monitor allows two programs to 
operate simultaneously one. - in, the foreground and another 
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in the background. The foreground 30 b lia.s priority over 

system resources. Functions which do not need time critical 

requirements can be developed in the background. Both the 

monitors have access to system resources. Both can 

communicate to each other through disk. FB require 4.2K 

words of core space. The SJ operaiion needs only 2K words 

of core. In our anplication only SJ monitor has been used 
simultaneous 

as ^ processing requirement is not there. 

RT-1 1 monitor is modular in nature so that only these 
portions actually in use at a given time ^-u’e core resident. 
The monitor has 4 major modules plus the device handlers 
needed foi' the configuration. Modules are as follows. 

(1 ) RMON (Resident Monitor) This is the only permanently 
core resident module occupying 2K words for SJ & 4.2K 
words for FB in core. It resides at the top of memory. 
It handles all programmed requests for RT-1 1 services. 

(2) EMOR (Keyboard Monitor);- It provides interactive 

facility between console^RT-l 1 . Monitor commands allow 
the user to assign logical names to devices, run 
programs, load device handlers and control F/B 
operations. A dot printed by monitor on console is an 
indication of KB monitors presence,. It is swappable 
and takes 2K words of memory. 
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(3) USR. (User Service Routines)- It provides sup-port for 
RT-11 file structure. It loads device handlers, opens 
files for read or write operation, deletes and renames 
files and creates new files, CSI (command string 
interpreter) is actually a part of this which can he 
accessed hy any program to interpret a characteri sting 
It takes 2K words of memory. 

(4) DH (Device Handlers):- These are short routines. These 
are merely files on the system device -which can he 
easily created hy the normal editing and assembling 
process. In our system for wind tunnel only the device 
handler." of Floppy disk (216 words) and console terminal 
LA36 (140 words) have been included,' These are 
swapnahle. 

6,3 G-eneral Memory Layou t; (Ref. Fig. 6.1 and 6,2) 

, The above diagrams give the initial memory layout of 
RT~1 1 on hoot strap, it consists of RMON, USR and EMON hut 
when device handlers are loaded they take place between 
RMOH and USR pushing USR and H-ION down. RT-11 maintains 
free memory list to manage memory layout. In SJ^-RT-11 allows 
the program to he loaded over the KMON and USR if it exceeds 
the free memory available . "When the program is running the 
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USR and IQTON are not core resident and if required part of 
the program is swapped out to make rooms for USR which 
is again swapped out when not req_uired, la-IOU & USR remain 
core resident if enough memory for the progran is availahle. 

6,4 Commands : 

The operator controls and direct system operation 
through three different interfaces. Operator communicate.', 
directly with the monitor using KB commands and special function 
keys, communicate indirectly with the monitor or user programs 
hy issuing an I/O conmiand string. Keyboard commands and 
special function keys allow the operator to instruct RT--1 1 
monitor to allocate system resources? manupulate memory 
images, start program and use foreground/ back ground ser^'/ices. 
RT-1 1 monitor provides services for program initialization, 
control of system operating characteristics, interrogation 
of system statusand resources, command interpretation, file 
operation, I/O transfer, program transfers and interrupt * . 

servicing. Special features are clock operation, timed wait 
etc. All I/O is handled in a block foimat dii'ectly to and 
from the user area without intermediate buffering. The queue 
manager processes all l/O requests in a normal way» Bach 
device has a queue. The I/O is done in three modes synchronous, 
asynchronous and event driver. 



6 • 5 Timer Support ; 

With, the macro 5 . MICTIM request the user specified 
address of a routine is extended for oxecLition after aspecified 
number of clock ticks. These routines are asynchronous like 
I/O routines, independent of mahn program. After the 
specified time elapses the main program is interrupted, the 
time completion routin' executes and returns control to 
interrupt prograja. WAIT (0) is used to wait for interrupt 
occurancG. 

6 • 6 Interrupt Servioe s 

Hardware is elemenated by the use of two program 
requests for service of interrupt routines to provide necessary 
link to the monitor I/O system. It allows the use of system 
stack for interrupt service and a^Hows scheduler to make 
note of the interrupt. The rest interrupt principle is the 
same as for IBM-1800. RT 11 provides a set of system programs 
for macro, edit, expand, assemble, linos, odt , piP and 
other utilities. It also provides call and link of an 
assembly routine through basic Gall statement. Extensive 
use has been made of this facility in this thesis for 
control and data request statements. 
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^ Softt-j-are I mplemontation i n ppp j 1/03 
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The softi/7aro iniplemGntat ion in PDP 11/03 follow; the 
a’bove logic v/hich ia dependent on gonoral software design 
as per Clxapter 4» Hio program is depondoiit on a periodic 
scheduler, fho hasic program is hasod on tho flow chart of 
Appendix B whore only one dimentional control of probe and 
pitch has boon imploraented. The necessity of feedback closed 
loop control has not been folt due to precise control 
available on stepper motor positioning. Initially when the 
PDP 11 /03 is boot.ed the resident monitor is brought to the 
core, then BASLPS /OS is loaded to run the basic WINDTl 
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BAS experiment progro^i. The experiment is started with a 
E.UN command. The Basic program for control and data 
acquisition includes the assemhly language routines 

xiritten for control of various parameters linked 
in BASIPS whi(h can he called by a CALL statement in users 
program* 

6*8 W lhPTL.BlS main program ; (Ref. Appendix D for program) 

The program has been >rritten is basic so that there is 
no need to have skilled computer personal to run/modefy 
the program. Statement No. 5 to 1 60 are the routines meant 
for interactive operation for inpn.t of date> experiment 
number, inach number and experimenter’s name. Those are 
stored,. Statement No. 170 to 340 deal with the input of 
the experiment parameters of duration of the experiment ^ 
number of probe and temperature readings, number of camera 
shots, initial and incremental pitch. These are again 
interactively entered through Deewriter console in question 
answer form. Statement No. 360 to 365 doal- with the readiness 
of subassemblies associated with the experiment. This is 
also done in question answer form, provision has been done 
to bypass the check of subassembly not required for a 
particular experiment,' After the installation this part of 
the routine will he replaced by automatic flag check routine 
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for which hardware interface is given in Fig. 6.3. Two 
hits to operate MUi[. cct . have been reserved^out of which 
only one is being used for this routine' 

Statement ho. 870 to 1040 does the job of calibration of the 
ainpliiier utilized for the pressure transducer probe. The 
calibration is done throoigh question ajiswer routines where 
connections are made manually to connect reference voltages 
this will finally be replaced by relay operation routine to 
do the task automatically only zero offset will have to be 
manually sot. ADQ routine is used to collect data and gain 
Gr is stored for future reference. 

Statement ho. 1060 to 1200 checks the final readiness of the 
system so that no parameter is by mistake off. Calculation 
for this integer value of counter buffer, value of flags 
and steps for motors are assigned here. 

Statement ho, 1300 to 1400 issue the necessary control signal 
for the initial position setting of the model attitude and 
probe through C£[iL "PITCH" and CALL "PROB" . Now the 
environment for the initial settings of the experiment is 
set to go ahead with the opening of the valves for air flow. 

Statement ho . 1 600 - 4300 cover the main experiment operation. 
First the main valve is issued control signal to open the port 
and its full open indication flag is sensed before/GOimiana to : 
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open the regulator valve is issued followed by 10 seconds 
delay. Ibis is achieved by CAH "VAIV" statement lo . 1700 
and CALL "SETC" of statement lo , 1800, Statement No, 2050 
i.e, OAll "SETR" starts the clock to give tine event indica~ 
tion determined by experimental parameters Nl & N2. 

Statement No, 2300-2350 take the pressure probe reading from 
channel zero and store the result in tho array atAl through 
CAll "AEG". 

Statement No, 2400-2500 take the temperature probe reading 
through CALL "TEMP" and store tho I’csult in an array A2, 

Statement No, 2600-3000 control tho canora/flash operation 
through gall "CAHR". These determine how many tines the 
camera must be operated during the experiment as defined by 
initial parameters. 

Statement No. 3200 to 4100 control the operation of the stepper 
motors controlling probe & . model attitude gear through 
call "PROS" and GALL "PITH". Here command is also issued 
at appropriate event for the operation of scanivalvo through 

call "SOAH". 

Statement No. 4200 makes the process wait for next time 
event to occur to, repeat the proGess. 
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S fc cilj gkig n’t No > 44'00 "bo 6000 collGcij tliG ci,n,'tp fx'oni "tliG 4-8 
ports of the scanivalvo thro-u^i CALL '’SCM" and store the 
sarae in Array A3. Now tho data in 4 hit BCD format is 
ago.in Called from the array and corrected to correct 

decimal format and stored back in the array A3. 

Statement No. 6025 to 7200 do the conversion of tho 4 hit BCD 
data in to deciualj stored in o,rray A2 from temperature 
sensing module » The corrected value is stored back in 
array A2. 

Statement No. 7300 to 8200 are normal output routines for 
data in tho arrays and the character strings stored for 
experiment details. 

The various CALL statements used in the program are as 

follows t 

call "ADC (AjC);- This is a system routine in module 1 to take 

analog readings. This corruoand initiates the 
activation of the specified channel A 
its analog saaple taken and return the 
digital valTG in tho vsiriablo C. 

CAlli "TBMP"(C) i This routine has been written in assembly 

language (Ref , Appendix D). It initiates the 

collection' of ..the: biliary data ayaiiable to; , ; 

the input of DRINBUR frDm the temper atu^ 



modulo by giving a liold signal to it through 
bit 09 of OUTBUP of DRY-1 1 . In the routine 
tho syntax and arguiaents are also tested. 

The final colloctod valuS' is kept in variable 
C. Now the hold bit is cloarocl so that the 
temperature nodule could proceed ahead for 
next reading, DRINBUF=1 67774 , DROUTBUP = 

1 67772. 

This assembly language routine (Ref, Appendix 
D) had boon written for the automation of 
two valves. First it switches on raain. 
valve by sotting the bit 12 of DROUTBUF. It 
now checks for coinnlote open indication 
through bit 7 of DRCSR_,whon tho same is set^. 
issues coirmiand to open tho regulator valve 
by setting bit 1 i; of DE.0UTBUF.. 

This assembly language routino (Ref. Appendix 
D) has been written to operato the camera 
and flash equipment for photography. The 
camera is operated by setting bit No. 15 of 
DROUTBUF for a required width of 100 ms. and 
tho flash through sotting of bit. No, I 4 . . 
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gall "PITH" (A,B)s This assenbly language routine (Ref, 

Appendix L) controls the operation of the 
stopper notor controlled model attitude 
control gear assembly. The routine checks 
the syntax and arguments through G-etarg, 

A is tho number of stops to bo moved 
and B is the directional control parameter. 
Since arguomonts A&B are stored in two 
words each this is packed in one word and 
moved to Reg. R2 & R3» The routine intro- 
duces the proper width of the pulse i.e. 

9 ms followed by a 3 ns gap between tx^o 
pulses. The routine for each grid point is 
called only once which generates complete, 
pulse train. (B is aero for forward and 
1 for reverse direction) . 

CALL "PROB" (A,B); This assorably language routine (Ref. 

Appendix B) control tho operation of the 
stepper notor controlling tho linear move- 
ment of the pressuz’o transducer probe in 
tho tunnel xforking space. The routine 
is siiitllar in all the respects to CALL ; 
’’PITH". 
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CALL "SCAN''(A,C) : This assembly language routine (Rof, 

Appendix L) controls tlio operation of the 
scahivalve system. First the syntax and 
arguenonts are checked through Getafg, A 
gives an indication of tlio control for 
locking the ports (A=1 ) or for data acqui- 
sition (A=0) in the rclevont cases hit 
12 & 11 is set for operation. The value 

in tho later case is stored in variahlo C* 
This routine will need uodcf location to 
include hold comand while data is being 
acquired, this detail could not bo included 
duo to lack of technical details on 
scanivalVG* 

CALL "SEQ.'C" (Tine , rate ) ; This is a sys ten routine in nodule 2; 

This controls the operation of progrannable 
clock tho arguenont tine and rate is to be 
specified. The clock status register is 
set to rate and will run for time seconds. 
On expiry of it a clock Interrupt will occur 
to do any of the clock controlled function. 
The tino arguement is calculat ed^^ a THE ; / 

= time in SGConds X clock rate,: specif iod . 
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tho clock is run in zoro mode for non 
repeatation (Ref. ppi-8 of Basic RT~1 1 
manual) . 

CAlil '* SETR" (Ra'bc, mode, preset); This system routine governs 

the progratTEahlo clock by setting the clock 
running in specified node and at desired 
rate. The preset is clock counter value. The 
interrupt enable is always set. Tho rate 
Values are from 0 to 7 defining clock rates of 
no rate, 1 MHz, 100 lO-Iz, 10 KHz, 1 KHz, 100 
Hz, schnittrigger & line frequence respoct- 
ivoly. Wo havo talecn this as 2 (i.e. 100, KHz), 
Modo value 0 to throe define simple interval 
node, repeated interval laodo, external event 
mode and event timings. Wo are using mode 
0. Tho buffer preset value has been calcu- 
lated as T = X 100000 (Ref. pp 1-8 of 
Basic RT manual). 

CAIiL "WAIT” (H) « This system i-outine disables further program 

Gxecution until the specified event "if" 
occurs, n=0 for clock over flow, n=1 for 

sohmitt trigger, n=2 for either of them to 
tsike place.. 
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ilie use ox’ Gotarg is done for syntax and anguenents clieck 
of tho CALL statomont, the STORE SR keeps the value of 
register in the vaniahlo C» EAG1 & PAC2 are Table addresses 
while OUBFp INBE & DB,CSR are the DR1 1 - OUTPUT BUEPER 
(Addres 1 67772), IBPUTBUPEER (Address 1 67774) and control and 
state register (Addres 167770) respectively. The above 
asscnbly routine of Appendix D were asseubled as PUfr4.MAC and 
the fxinction table was assonbled as FUN3 MAG. EUrM3.MAG was 
anulgainated into the RT1 1 function table IT'Bl.HAC to incLxido 
tho other routines* Finally R0TS2, was produced by linking 
all nodule as per following procedure. 

. R BIAGRO 

* FTBL = PERPi\R, PTBL 

* PERVE.G= PERPiiR, PER7EC 
RTIBT = PERPAR, RTIIT 

■Ye 

. R LINK 

* R0TS2=BASICR, FPMP, FTBLi , PSWEC , RTINT, GET.IRG/G 

* FUN4, BASICE, BASIGX, LPBO , LPSI , LPS2C, LPS5, LPS4, 
BASICH. 

E0TS2 has been loaded as BASLPS.SAV in tho floppy disk..' This 
operating systen along with v/INLTL.BAS , PUNJ.HAC & FUN4.r-lA0 
havS been copied in a floppy disk (details in Appendix E) . ’ 

The disk has been given to the xisers ready to bo loaded 
on arrival of the systen. 
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7* CONCLUSION 

A Digital Controller and Data Acquisition Systera has 
"beeii dosignod ior iiiiplemen’c aAion on trisoiiic irind. tunnel 
systen of Aoro. Engg. Dept, of I.I.T. KaniDur. The systen 
xAiich is hasod on DEC micro-computer PDP 11/03 provides 
conploto control of the wind tunnol i.e. 0 '’ 3 erating of main 
o.nd regulator valvo, iiiovoniont of pressure transducer prohe 
and change of nodol attitude through attitude control gear, 
control of scani valve and toraperature sense modulo. The system 
acquires data from tomperaturc and scanivalve multiplex system 
in BOD fonuat and from pressure transducer in analog fora* 

Tho computer hasod control and data acquisition systen now 
nakos it possible to talie complete set of readings on a test 
nodol in one experinont itself whilo exorcising preciso 
control on niovomonts thorohy eliminating human errors. So far 
the data acquiFjition ahd control was exercised manually there 
fore i’t was possible to have few observations only in tho 
20 seconds duration. Tho feasibility cf tho software was first 
testc'd on IBM-1 800 with successful control of all parac-ieters. 
Tho PDP 11/03 routines have been tested for correctness at 
MOD Delhi computer. The modified RT-H includes all additional 
call routinos for wind tunnel control. The routines have been 
transferred to a floppy di^ roady to run. 
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7 • "I Ij'uture Additions : 

llie G/ilL routines have been kc'ot sinplo & flexible 
bo include more ioaburos if req_uirGcl. iSince scanivalve 
technical details wore not available the CALL ’'SCiiDT'’ routines 
will need raodif ication to include raoro details for hold and 
other control signals. Those c:::bro, routines can be added 
to 1TJN4.MAG before being included to LTEL. The nain prograi^i 
has boon written in Basic so that any one can run r?c modify 
the progran xfith insortion of now statoinont nunbers. Although 
the roquironiont of Aoro , Engg. was to. take naxinun 40 readings 
of probo during 20 second experiuent it con be easily talce 
up to 400 readings in 20 seconds diiration without change of 
hardware with little modification of software with parallel 
novenont control of two stepper motors, s/ith modification 
of hax'dwaro upto 2000 readings can be easily taken during 
this period. Thus enough flexibility is availahlc.. Once the 
control console is finalised the whole operation can bo 
automated as suggested in the thesis thus the operater need 
not do any thing than the initial conversation. (Ref. Pig. 

1 .5 and 1 .4 of Appendix A). 
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HARDWARE DESCRIPTION OP PDF 11/03 IN BRIEP 

” (RbI » Pig* 1.1), The PDP 11/03 JB sysi©!!! 
consists of LSI 11/03 microcomputer uith 32 K hytes of MOS 
memory, extended arithmatic set and option given in the 
proposal of Chapter 2. The lOD 1 1 -P Micro computer module 
includes all function chips e.g, processor data chip, processor 
microinstruction ROM chip, xarocessor control chip, bus drivers 
and receivers, bus I/O control logic, interrupt control and 
resot logic, bus arbitration logic and special function. 

The clock piulse gonerator generates 4 non overlapping clocks 
for different functions. It has 402 instructions and 

is fully corapatable to other DEC series. It has 16 K x 16 bit 
dynamic HOS memory which requires refre gii operation every 
1,6 ms. which is atitomatically done. Access time is 300 n.s, 
DL¥ 11“ Asynchronous Line Interface connects bus to several 
communication lines. This module receives seriai data from 
peripheral devices, assembles it to parallel data and transfer 
it to LSI“1 1 bus. It performs function vice-versa for data 
from LSI-1 1 bus to peripheral devices. It can give Baud 
rates of 50 to 9600. 

DRV1 1 -Parallel Line Unit ; This is a general purpose inter face 
unit for controlling TTL-DTL devices;, connected to LSI Bus. 



It can support up to 25 feet of cable thus giving us enough, 
leng oh CO carry c shies upto control console It offers 
program controlled data traasfer at rates up to 44 K xfords/ 
second, Dafa is handled by 16 diode claJuped input lines and 
16 lahched output lines. Device address is selectable. In 
our configuration this module controls operation of probe 
and model attitude control stepper , mot ors operation of relays 
to operate main & isolator value, control of multiplex 
selector of input lines, operation of cajnera and flash units 
and operation ;and control of scanivailvo system and 
temperature sensing module. It also accepts inputs from 
temxoerature sensing module and scanivalve pressure sense 
multiplex system in 4 bit BCD format, fhe interfacing to 
user devices is done through burg connectors. Its out jnt 
interface is a 1 6 bit buffer DROUTBUP which can be either 
loaded or road under program control, loading of OUTBini also 
generates a Now Data Ready 500 n.s. pulse which will be 
utilized for scanivalve data collection at a later stage. 

The input data interface is also 16 bit called DRINFUR which 
comprises of gated bus drivers that transfer data from user 
devioos on to the lSI-11 bus under program control. DRINBDF 
is not capable of storing data* When data has been read it 
generates a +ve going Data Transmitted H pulse to inform the 
user device, that the data has been, accepted. 
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Xwo requGst flags Req, A&B can be accessed by user 
device in DRGSR word. In the CALL ”VALY" routine RBQ A 
has been used to sense the full open vgAve condition of 
main valve thus saving a bit in DRIRBUP. (Ref. Pig. 1,2 
for hit allotment and Digital E1C-ADV11 .-OP^-OOB for details) 

ADV11-A Analog To Di gital Convert er; Phis is a 12 bit 
successive - approximation A I'o D converter with built in 
multiplexer and sairple and hold for use on the LSI~1 1 bus. 

It havS provision for 1 6 channel single ended input or 8 
channel differential input. A to D conversion is either 
program controlled or clock over flow controlled or 
external event controlled^ as determined by its control and 
st.atuB regiser (CSR). Digital a/D conversion data is routed 
through a buffer register to LSI-1 1 for programmed transfer 
to memory. It has also the precis on output voltage for 
user tost purposes. It is proposed to use this as reference 
voltfigG for calibration of amplifiers. Analog input scale 
range is 10.24 V. Bipolsir (-5.1 2Y to +5. 12V). The gain and 
offset error is adjustahle to zero. It works in following 
steps, 

1 , Enable specified, channel 

2. Sample the channel 

3. performs A/D convorsion 

4. Hold the Sample . , . : 4 . . 

5 • when LSB has resolved in successive approximation 
register (SAR) ? ii transfers BAR contents to 
Dab a buffer. 
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6« Infonii piocGss 'fclia.'t "tli© 30 ^ is don.G 
7* Reacquire and Track the prograjiimed channel. 

In our system it is being used to acquire data from pressure 
probe , 

M]L~j.JrA...Difi'ii'al io Analog Converter ; This is 4 channel 
d/a converter module for LSI. It has interface circuitry, 

4 d/a converters and voltage references. It has 12 bits of 
resolution each channel has its holding register which oah 
be seperately addressed. Bit 0-5 of 4th holding register 
can be used as 4 bit digital output register. The analog 
output rcongo is + 2.5V to + 10.24V bipolar 0 to 5.12 V 
or 0 to 10,24 V unipolar, drive capability + 4 mA per 
converter, slewing speed 5V/Ai s. Originally this module 
was planned to drive the model attitude control motor which 
has now been replaced by stepper motor for accui’ate control. 
Its 4 bit digital output can now be utilized to drive relays. 

KWV-11A Programmable Real-Time Clock ; This is a programmablo 
roal time c.lock/counter combination providing a, variety of 
means for determining time intervals or counting events. 

It Can be iised to generate int erupts to 181-11 processor 
at predetermined -'intervals, to synchronise processor to 
external ©vents. It can also inetiate a/D conversion. It 
has a 16 bit resolution and it , can . be driven by any . of the : 



5 c,rystal controlled frequencies (100 Hs to 1 KHs) or lino 
froquoncy/schiai t'G trigger. It lias 4 progr ai^mable nodes* 
Tho clock ovor-flow pulse is 500 ns. wide. Its GSR provide 
a riioans for the processor to control tho operation of 
KW11“A .and to derive inforriation about its operating 
Gonditioii, Bits are provided for enabling interrupts, node 
soloction, raaintonancG operation; start of counts and 
ovoirflow and Schmitt Trigger event nonitoring. Buffer/ 
proset and counter register is 16 bit read/v.ri’tte register 
which Gan bo loaded either under program control or from 
tho counter as por the modo of oporation*. 

Tho complote experiment is dependent to this clock 
for tiniG event gonoration for execution. It works on Model 
(repeated interval) using 100 EHz crystal. 
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HSADT 
TO 00 


FIX INITIAL SBTTIN03 
GALL PROBS, PITCH i 
GALL ROLL 


ALL 

DONE? 
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WAIT 


^ FULLY 
JOPBN? 


CALL READS 
STORE IN OORB 


/TIME \ 
S CANNY 
\VALVB2/ 



CLEAR FLAU 
CALL CAMERA 
CALL FLASH 
CALCULATE NEXT Fm< 


COLLECT 18ATA 
PROM SQANNY V* 


CARRY OUT TEMP. 

PRES, com. 


STORE DATA IN DOB K 

PRINT out/dxbplat 



FIX NEW SBTTIHCS 
GALL PROBE 
CALL ROLL 
CALL PITCH 



CALL FEEDBACK 
CALCULATE ERROR 
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iiPPMDIX 0 


// EOR HOTS 

^<-1 OC S ( C M'D , TIPEWRI TER , DISK , KEYBO MD ) 

*0NE WORD INTEGERS 
EKTBElTiUii GEN 

C0FM0N/INSKEL/I1 1 ,N1 1 ,K1 1 ,I?0SE(3) ,L1 1 ,C/J.01 ,C.^L02 " 
COMMON 10(100), M(10),N(25),IEI-i:^,.IDiTA(3) 

DBEINE PILE 1 ( 1 00,1 .U. ICE) 

CAL01 IS THE READING OP AMP. ZERO OPISET 
CAL02 IS THE Al®. GUN 

CAL03 IS THE UICOERECTED AMP. iARALOG INPUT READING 
IKAil ARE THE TABLE V/iLUES POR DO :eOR CONTACT OPERATE 
IK/iM(3)--=2 

121 IS THE CO ADDRESS 
IKA1M(2)=1 27 

I]rAlM(l)=0 IS DONE POR INETIALIZATION 

ikam(i )=0 

IPOSE AliE THE TABLE VAL'OBS POR POSITION DO 
IP0SE(3)=2 

IPOSE 2) =121 GIVES THE DO ADDRESS 
IP0SE(2)=1 21 

IP0SE(1)=0 IS POR INETIALIZING 
IPOSE (1 )=0 
. N11=1 
K1 1 =1 
LI 1 =1 

GiALL U1MMK(~1 ,»1 ) 

CALL CON 

0 all c al 
gall pit 
delay portion 

THIS PORTION GIVES 10 SECONDS DELAf APTER REGULATOR 
valve has been OPEND TPEN the BXPRITENT STARTS 
mTE( 1,300) 

300 POmAT(//.#OPEN ISOIATOR VALVE WAIT FOR PULI, ON 
INDICATION#,//) 

oali, busy 

¥RITB(1,10) n ,, u 

10 FORMAT (#WIND TUNNEI DATA iACQUSITIOIT EiCP ST/R.TS# ,// ,# 

PRESS start#) 

CALL BUSY 
PAUSE 1 24 
URITB (1 ,31 0) 

310 PORMAiT{ 1Ii,#0PEN REG. VALVE THEBE ¥ILj., BE 1 G SEC. D^LAY 
TO START#) 

gall busy 

delay (500,200) - 



oooooooo 


c 

0 

C 

C 

G 


1 5 
20 


CONTACT OPERATE INETTALIZATIOK 
C all CO ( 1 1 001 , lOT ( 1 ) . ik;J4 ( 3 ) ) 

POSITION DO INETIALIZATIOK 

Call D0(iiooiy ipose(i), ipose(3)) 

SETTING- FOR BIT 01=1 ML 00=1 EOR EORN/iRE DIRECTION 
IP0SB(1 )=3 


IELi’£^=1 IS NOR EORWi'RD DIRECTION 
IFL/iff=1 


start TIM RECORD 
CALL CLOGK(I) 
111=1 


C^\LL TII-IER (G-EN,2,1000) 

IP(LD(5))15,20,20 

CONTINUE 


CALL ?IAQ 
END 

// EOR ROT 3 

S UBROUTINE DELAY (M . N ) 

C Tl-riS ROUTINE GIVES REQUIRED DEL.a EOR TI-IS COPJIECT 

0 WIDTHS OE THE PULSES REQUIRED BY THE STEPPER MOTOR 

DO 500 J=1 ,M 
DO 500 K=1 yN 
500 CONTINUE 


SYSTEM 


// 

C 


// 


RETURN 

END 

EOR R0T4 

SUBROUTINE GEN 

ROUTINE GEN IS TEE ROUTINE WHICH CilLLS LEVEL 8 ROUTINE 
IN TIMER 

call level (8) 

RETURN 


END 

EOR ROT 5 

SUBROUTIM CON 

THIS ROUTINE INSURES V.UIIOUS DATA lillNTRI /ilND SUB SYSTEM 
RBADYNESS CONVEllS ATI ON ROUTINE .ULO DATA ENTRY 
DATA TAICEN AS FOLLOWS 

ENTER NO OE i'HOBE RE/J)INGS IN ONE DIRECTION - 

NO OP TOT/J, PROBE READINGS 

ENTER NO OF ANALOG READINGS OF INPUT 
ENTER NO OF CAJ-IERA SHOTS 

ENTER PITCH (iNBTI/iL) ANGLE— -DEG . TilNE OPE 
WRITB(1 .111 ) 


111 



1 12 

1 1 6 

113 

225 

114 

1 1 5 


101 

200 

201 


1 1 

300 

91 


1 2 
210 


400 

92 



CALL BUSY 
WRITE (1 ^112) 

format (//,#WII 1I) TWBL S}[PERIMSiTT/iL SETUP DATA 
Ei'TTRY ROUTINES#) 

CALL BUSY 
V/RITEd ,116) 

format (/,#PLE yiSE EI'TTER DAT.. TlffiOlOH ICEY . B/C OE SOLE BO/iRD#) 
GALL BUSY 
VffilTE (1 d 13) 

FORi-lAT(/.#BNTSR NO OF PROBE PJ1/J)INGS 40#) 

CALL BUSY 
READ (2, 223) IX 

format (12) 

WRITE (1 .114) 

format (/.#ENTER NO OF CAIERA READIN&S— -20#) 

CALL BUSY 
RE AD (2, 225) IX 
V/RITB (1.115) 

FORMAT (/.,,#E NT ER INETI/iL AIRCRAFT PITGHf-r-1 5 DEG. TRICE OFF#) 
CALL BUSY 
READ (2_^ 2 25) IX 
WRITE (1 .111) 

GALL BUSY 
WRITE (1 -101 ) 

P0RMAC(/7,#Ya'^SWER 1 FOR YES.iAIY OTHER NO FOR NO//./) 

CAiLL BUSY 
VffiITS(1 .201 ) 

FORMAT (#IS CAlLiIRA ON#^/) 

G/iLL BUSY 
READ(2^1 1 )IA1 
format (II) 

IP(IA1“-1 ) 300,1 2,300 
WRITE (1 .91 ) 

format (1H,#SWITCH ON CAMERA SYSTEM#,/) 

GIM> BUSY’ 

GO TO 200 
miITE( 1.210) 

FORMAT ( 1 H , #I S /LIPLIF lER ON# , / ) 

call busy 
read (2^.1 1 )IA2 

IF(IA2"-1 )400,1 3,400 
V/RITE(1.92) 

FORiMAT(lH,#SWITCH ON THE AIP SYSTEM AND LET IT 

stablize#,/) 

CAI.L BUSY 
GO TO 12 
1®ITB( 1 ,220) 
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220 FORMAT PROBE DRIVE SYSTEM OR#,/) 
call BUSY 
READ(2^11 )Ia3 
IF(IA3"1 ) 500, 14, 500 
500 WRITE (1.93) 

93 F0RMaT(1h. -//SWITCH OH THE PROBE DRIVE SYSTBT-I#,/) 

CALL BUSY 

C-0 TO 13 

14 V/RITE(1 .230) 

230 F0RI'IAT(1H,-//IS SGAHHY VALVE SYSTEM ON#,/) 

CALL BUSY 
READ(2,11)IA4 
IF (IA4-1 ) 600,1 5,600 
600 VJIiITE(1 ..94) 

94 FORMAT (II-I, -//SWITCH ON THE SGiiNNY V.iLVS SYSTEM#,/) 

gall busy 
GO TO 14 

15 imiTE( 1,240) 

240 format (1H,#IS PITCH DRIVE SYSTEM ON-#,/) 

call busy 

READ(2,1 1 )IA5 
IF(IA5~1 ) 700,1 6,700 
700 V/RITE(1 .95) 

95 FORM AT {'lH, -//SWITCH ON PITCH DRIVE SYSTEM#,/) 

GALL BUSY 

GO TO 1 5 

1 6 CONTINUE 
RETURN 
END 

// FOR ROT 6 

SUBROUTINE PIT 

0 'THIS ROUTINE FIXES THE PITCH OF THE AIRCRAFT 
DIMENSION IDATA(3) 

WRITE (1,1) 

1 FORMAT(//,-#AIRGRAFT INETIAL PITCH BEING SE'" TO 

1 5 DEGREES-#) 
calI( busy 

G PITCH TAICBN HERE IS .1 5 DEGREES TAKEOFF 

XDATA(3)=2 
IDATA(2)=120 

idata(i)=o 
DO 17 1=1. '0 

IDATA(1)=0 ^ 

call D0(1 1001 ,IDATA(1 ) ,idata(5) ) 

33 GALL D0(0,ITST1 ) 

gall DELAY(5,5) 

GO TO (33,34),ITST1 



■^4 CONTINUE 

IDATA(1 )=3 

GALL DO ( 11 001 ,IDATA( 1 ) . IDATA( 3 ) ) 

CALL DELAY (10.10) 

35 call D0(0.ITST1 ) 

GO TO (35,36) ,ITST1 

36 CONTINUE 

1 7 CONTINUE 

RE TIEN 
END 

//EOR ROT 7 

EimOUTINE CALI, 

C TIIIB ROUTINE IE USED TO CALIBER aTS THE AMPLIEIBRS AND 

0 TO CAJ.CULATEI the ZERO 0 RESET VEICH IS USED TO 
CORiiEOT' ANALOG RElJilNCIS 

1 WRITE (1,1) 

1 ;ii'ORMAT(//,#CTlVE ZERO INPUT TO THE iU'H=LI PIER# ) 

CiU/L BUSY 

1'/RITE( 1,2) 

2 K)RMAT(//,#0NCE ZERO INPUT GIVEN PRESS ST/RT#,//) 

GALL BUSY 

PAUSE 1 29 

C ALL AlP ( 0 1 OOO , C /JU 1 . 41 08 ) 

4 gall AIP(0,ITST2) 

GO T0(4,5) ,ITST2 

5 CONTINUE 

WRITER .6) 

6 li'ORMAT(//,)rGIVE UNIT INPUT VOLTaGE TO A1P TO 

calc, gain//,//) 

WRITE (1,7) 

'7 NORMAT (//PRESS S'l-ViET#,//) 

gai-l busy 

PAUSE 126 

GALL AIP(01000,CAL02.4108) 

S CALL AIP(0,ITST2) 

9 


GO TO (8,9),ITST2 
CONTINUE 
RETURN 
END 

■^L'jTORBGI M R0T1 ROTS 

■ni'ILES(l ,FILE1 ,0) 

*CCEND 


R0T1 


// JOB 
// DUP 

7/ EOR ROTSS 

*IOG S ( TYPEmilTBR , DI SK) 

--■ONE WORD INTEGERS 



0-6 


94 

94 


96 


1 02 


101 

1 O') 

97 

98 


111 

112 


}Z 

951 

990 

941 

410 

222 

229 


0AL03 

REAL X 
BXTERRAI- GER 

G0MH0N/lRSia3L/111 ^'111 ,kii,i;pose(3).ikm(3),lii,caioi , 

0 A-uOc: 

COMMON 10(100) ,M(10),N(25) ,IELAG,IDATa(3) 

DEFINE PILE 1 (1 00, 1 .U,I3) 

DO 98 I:=1 .10 

0 ALL DO ( 1 1 001 , IPOSE ( 1 ) , IPOSE ( 9 ) ) 
gall del AK 5, 20) 
gall D0(0,ITST1) 

GO T0(94,96),Il’S'rl 
1E(2 -IELaG) 101 ,101 ,102 
IPOEE( l )==2 
GO TO 109 
XPOBE(] )=0 

a ALL DO ( 1 1 001 , IPOSE { 1 } , IPOSE ( 3 ) ) 

IPOSE (1 )=1 
GO TO 97 

GALL DO ( 1 1 001 , IPOSE ( 1 ) , IPOSE( 3 ) ) 

IPOSE (1 )=9 
GALL D0(0,ITST1) 

(iO T0(97,96),ITST1 

CONTINUE 

CALX. CLOCK (I) 

IG(L11)=1 

0/jLL AIP(01000,CAL03,4108) 
call AIP(0,ITST2) 

GO TO (111 ,11 2),ITST2 
1.1 1 =L1 1 +1 

JO (L1 1 )==GAL03"CAL01 

IF(20™H11 )990,552,940 

IP0SE(1)=.9 

lELiiG^I 

GO TO 941 

VJRITE (1 551 ) 

IKliBlA ■’^'REV'ERSE DIRECTION MOVEMENT 

CALL BUSY 

e:lag-=2 

1P0SE(1)=1 

K2=:2*K:1 1 

IX.-(K2~N1 1 ) 600, 41 0,420 

IKAM(1 )~2 ■ ■ V V ^ 

CALL 00(11001 ,IK/J'1(1 ),IM(2)) 
call C0(0,ITST9) 

GO TO (222,223),ITST9 
XKAJ\i(1 )=o 
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G/JiL CLOCK (I) 

L1 1=L1 1-M 
IC(L1 1 )=I 
IC1 1=K1 1-M 

i:Li’(40*-Kl 1)600,600,420 

420 

L1 1 =L1 1 H-1 

call Di!lLAy(20,20) 

C ALL CO ( 1 1 00 1 1 , IKAI'I ( 1 ) , IICAi { 3 ) ) 

CALL TIMER (GBW, 2, 1000) 

77 I}j'(LD(5))77,78,78 

78 CALL INTBX 

600 CALL CLOCKd) ' 

11 2=1-1 1 1 

WHITE (1 ,14)11 1 ,112 

1 4 Jj'ORIIAT ( 1 H , //S tart time# ,15,# FINISH TI MB# ,15,//) 

CAI.L BUSY 

WHITE (1 ,16) 

16 I‘t)RMAT(# RTIME#,// MAJjOG IP #,# PTM#,//) 

CALL BUSY 
J1 =1 

j j=1 

33 GO T0(18,19),JJ 

18 IC1=:IC(J1) 

J1 = J1 -1-1 
IG2=IG( Jl ) 

X“I02 

X=(X-x- 5,5)/32768 
VffiITE(1 ,21 )I01 ,X 

21 .FORMaT(15,3X,F9,5) 

GALL BUSY 

TT~? 

GO TO 99 

19 IC1=ia(Jl) 

J1 =J1 -1-1 
XC2=I0( J1 ) 

X=IC2 

X=(X*5.0)/32768 
J1 =J1 -1-1 
103^10 (J1) 

ra.ITE(1 ,22)IC1 ,X,IG3 

22 F0RMAT(1 5,3X,F9,3X,16) 

CALL BUSY 

JJ=1 

99 IF(100-J1)1 14,114,1 13 

113 Jl=J1-i-1 

GO TO 33 
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114 Win TE (1,25) 

25 FORMAT (//,7/STORING OF DATA ON DISKO FILEl STARTS#,//) 

GADL BUS! ' * 

DO 555 J1=1 ,100 
WRITE (1#1 )IG 
555 CONTINUE 

WRITE (1 ,25) 

25 FORMAT (#^"”-**EXPERIMENT OVER DATA IS SAFELY TUCICED 

IN DISK'-^-"-*:!*#) 

CALL BUSY 
CADI. IMTEX 
END 

//X‘'OI!. ROT 5 

SUBROUTINE GEN 

call level (B) 

RE '[.'URN 


END 

//for. ,R0TT 

SUBROUTINE DELAY (M ,N) 
DO 500 J=1 ,M 
DO 500 K=1 ,N 
500 CONTINUE 
RETURN 
END 

//.DUP 

^STOlffiCI I R1 ROTSS R0T1 
•s^FILESd , FILEl ,0) 

■:«-OCEND 

//DUP 
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WIHDTL.BAS 
[3 RIM--'''”'''*''*”''*'''"*""' 

10 REM-R^XEWDTUNK'EIi DATA AOQUSITIOR MD CONTROL SYSTEM HOUTIJ\IES 
1 5 REH- 

20 REra'-BEG-IMRING' OF CONVERSATION ALID DATA Ei'TTRY ROUTINES 
25 Din A1 (50) ,A2('50) ,A3(50) 

50 PRIH'T "WELCOHB TO TRISOETG WIRDTUHIIBL SYSTEIi OP AERO EI'IGG" 

35 PRINT " :[IilPT. OP I.I.T.K, 

40 REM- 

50 .’PRINT "RLEASE EOL.bOy THE INSTRUCTIONS CORRECTLY" 

60 .PR1N3.' 

70 PRIN'i: "PLEASE BNTM OH CONSOLE D ATE, E}CP. ilO. , MACH NO., MOD .NO". 
80 :i?RXNT 

90 P.aiN'1.' ".date? DD-nM-YY(E0.05-HAY-78)" 

100 INPUT Al5i: 

110 BUNT "EXPERIMENT WO" 

1 20 INPUT A21i; 

130 PRINT "MAOH NO." 

140 INPUT A3!li: 

1 50 PRINT' "EXPERIMENT DONE BY" 

1 60 IN.PUT A4-1p 
1 70 PRINT 

180 PRINT "PLEASE ENTER EXPERIMENT PTlRAIiSTERS" 

190 PRINT 

200 PRINT' "DURATION OP THE SXPERItlENT IN SECOND (INTEGER)" 

210 INPUT N1 
220 PRINT 

230 PRINT "TOTAL NUMBER OP PROBE 
240 IN;i?UT N2 
245 ITPINT 

250 PRINT "NUWIBBR OP TEMPERATURE PROBE READINGS" • 

260 iN;i.Tn: n4 
265 PRINT 

2'/0 PRINT "NUIffi'ER OP CAMERA SHOTS" 

280 INPUT N5 

300 PRINT "INETIAL PITCH IN STEPS (1 STEP=1 .8 DEGREES)" 

31 0 i,N:PUT N6 
520 PRINT' 

330 PRINT "INOREMENTAIi PITCH ST EPS *>0 FOR NO CHAL^GB" 

335 INI'UT N7 .t.. 

340 '^■'•" 7 

345 REM- „ : 

350 RIM-SUBASSEMBLIES CHECK ROUTINES _ _ . .ngj, -qj 

3 SO REM-THESB ROUTINES ARE TEMPORARY il^D UILJj BE REPLAOEiJ . 



370 REM- AUTOMAT 10 PL AO CHECKS 
380 PRINT 

390 PRINT "PLEASE ANSlffiR Y OR N lOR YES OR NO' 
400 LET B1 $=:"Y" B2$=:"N" 

410 PRINT 

420 PRINT "IS DC POWER SUPPLY SYSTEM OF" 

430 INP'UT C55 ■ ‘ 


440 IP C®=B1| THEN 480 
450 IP C3i;=B2^i; THEN 470 
460 PRINT 

465 PRINT "PLEASE TYPE Y OR N" 

470 PRINT "PLEASE SWITCH ON DC SUPPLY" \ G-0 TO 420 
480 PRWT 

490 PRINT "IS SCAHIVALVE SUB SYSTEIi RE /iDY" 

500 INPUT Oil; 

510 IP C1ji=B11i; THEN 560 
520 PRINT 

525 PRINT "DO YOU NEED SCAlflV.PLVE IN THIS RUN 

530 INPUT C15 

540 IP G1J=B21^' THEN 560 

550 PRINT "PLEASE SWITCH ON SCANIViiLVE SUB SYSTEM" \ 00 TO 490 
560 PRINT 

565 PRINT "PRINT "IS PROBE DEIVE SUBSYSTEM READY" 

570 INPUT GS 

580 IP C$=Bir, THEN 640 

590 PRINT 


600 "DO YOU WANT THE PROBE MOVEMENT" 

610 INPUT G| 

620 IP G$=B2$ THEN 640 
630 PRINT 

635 PRINT "PLB/vSE SWITCH ON PROBE DRIVE SUBSYSTEM" N &0 TO 565 
640 PRINT 

645 PRINT "IS MODEL ATTITUDE GEAR SYSTEii READY" 

680 INPUT C® 

690 IP CS^BIS PHEN 720 


700 PRINT 

VO PRINT "PLEASE SWITCH ON THE PITCH DRIVE SUBSYSTEM" GO TO 645 
720 PRINT 

725 PRINT "IS CALIBRATION SUBSYSTEM READY" 

730 INPUT CID 

740 IP GIW1 IM'HEN 760 

750 PRINT . 

755 PRHTT "PLEASE SWITCH ON C/iLIBRATTON SYvS.POR STi\B." GO TO 725 
760 PRINT 

765 PRINT "IS AI'TALOG SUBSYSTEM READY" 



770 INPUT CS 

780 IP C®=B1$ THEN 800 

800 PriNT SWITCH ON MALOG SUBSYSTEM'' GO TO 765 

810 PRINT “IS GAI-IBRa/PLASH SUB SYSTHI RE/J)Y? PLEASE SET APBR-" 
815 PRINT " TORE, SPEED, AUTO, NO OP FRaI-IES" 

820 INPUT 

825 IP C5i;=Bl$ THEN 880 
830 PRINT 

835 PRINT “DO YOU WANT SNAPS TO BE TAKEN" 

840 INPUT G3t; 

850 IP CMNB2I THEN 880 

860 PRINT "PLEASE SV/ITGH ON GA-IERA/PLASII SUB SYS , ADJUSTTIENTS" 

865 GO TO 010 

869 RBM~ 

870 RBM~BEGINNING op CALIBRATION ROUTINE 
880 PRINT 

890 PRUTT “YOU NEED ADJUSTING ZERO OPT'SET OP PROBE AUP." 

895 PRBTT "PLEASE DISCONNECT PROBE INPUT TO A'IP.,FEED ZERO TO" 
900 PRINT '';jj\IP INPUT ADJUST ZERO OPPSET FOR ZERO O/P" 

910 PRINT "WHEN FINISHED TYPE OE ON TERNINAL" 

920 LET E $!;=:" OK" 

950 INPUT 03^ 

940 IP Ce-^BS THEN 950 
945 GO TO 890 

950 PRINT "PLEASE PEED UNIT INPUT TO ADD INPUT SAY OK WtlEN DONE" 
960 INPUT C$ 

970 IP CINE^'^ THEN 980 

975 GO TO 950 

980 call "ADC" (0,G1) 

990 PRINT "PLEASE NOW PEED Ui^IT INPUT TO ijip AID CONTJECT G/P TO" 
995 PRINT "ADO OP 11/03, SA.Y OK iPiElT DONE" 

1000 INP>UT 0$ 

1010 IP G$=m THEl'I 1020 

1015 GO TO 990 

1020 CALL “ADC" (0,G2) 

1040 G=G2/G1 

1050 PRINT 

1 058 REM-PINAL CHECK, P/yRAT'ISTER C/iLC . ,INETITiJi FIXATION ROUTINES 
1060 PRINT "IS SYSTEM READY IN /iLL RESPECTS TO STYmT" 

1070 INPUT 0$ 

1080 IP OfiNBU; THEN HI 5 
1090 GO TO 1060 
1110 PPuINT " 

1115 print: "FIX MODEL & PROBE TO INETIAL ZERO REP POINT, TYPE OK" 



D-4 


1120 INPUT 0$ 

1 1 30 IP g$=E![5 then 1 1 50 

1 140 GO TO 1110 
1150 T=:(N1 /N2)^i 00000 
1155 T=INT{T) 

1 1 60 N3=INT(200/N2) 

1165 RBM-N3 IS THE NO OE STEPS TO BE MOVED BI PROBE AT A TIl'IE 
1 1 70 IE N3 <=20 THEN 1 180 
1 1 75 N9=1 

1 1 80 IE N6 > =0 THEN 1 200 
1190 B=1 GO TO UOO 
1 200 B=0 


1300 REM-INETIAL SETTING OE MODEL ATTITUDE IS TO BE DONE 
1400 C/JjL "PITH" (N6,B) 

1 420 REM- 

1440 IlEM- 

1450 REM-BEGININCt , OF CONTROL MD ACQUISITION ROUTINES 
1 500 PRINT 

1 600 PRINT "THE EXPERIMENT i/ILL NON BEGIN V.riTH OPENING OE 


MAIN VALVE" 

1610 PRINT "FOLLOWED BY REGULATOR VALVE AFTER SENSING FULL OPEN" 
1 620 PRINT "FLAG, THEIS IS FOLLOWED BY 10 SEGOl'JDS OF STiiBLB . 

1630 PRINT "ISATION DELAY ^IND THERE AFTEB. THE EXPERINIBNT " 

1700 cm. "VALV" 

1800 CALL "SETC" (5,10) 

1900 CALI. "WAIT" (0) 

2000 1=0 \ 1 1 =1 

2050 GALL "SETR" (2,0,T) 

21 00 JX)R N=1 TO N2 
2200 1 = 1+1 \ 11 = 11+1 
2300 CALL "ADO" (0,0) 

2350 a1(N)=G 

2400 CATJj "TEMP" (C) 

2450 a2(N)=0 
2600 IF N=1 THEN 3000 
2700 IF N9=1 THEN 3000 
2800 IF I< 3 THEN 3100 
2900 1=1 

3000 CALL "CAFiR" 

3100 IF N< 21 THEN 3300 
3200 B=1 

3300 C4LL "PROS" (N3,B) 

3400 IF N=20 THEN 3600 
3500 GO TO 4000 



3600 CAJ..L (0,0) 

3700 IP NV^O THEM 4200 
3800 B=1 

3900 C.'LLL "PITH" (10,B) 
4000 IE 11 k3 THBH 4200 
4100 GAEL "PITH" (H7,B) 
41 50 II =1 

4200 gall "V/AIT" (0) 
4300 NEXT N 

/ A HA iJTO/T .v. 


4450 HEM data GOLLECTION/OONVERSION 
4500 PRINT 


. .Si.*’'. 


ROUTINES 


A 


4550 
4560 
4600 
4700 
4750 
4800 
5000 
5100 
51 50 
5200 
5300 
5400 
5500 
5600 
5700 
5800 
5900 
6000 
6025 
6050 


PRINT "EXPERIMENT IS OVai , SO ANI VALVE DA.TA COLLECTION ,C ONV 
PRINT "ERSION OE TEMP. BCD DATA STliRTB" 

REM-SCANIV/JjVE COLLECTION ;ETD CONVERSION ROUTMTE 

FOR N=1 TO 48 

A7=0N A8=1 

CANL "SCAN" (1?G) 

A4=G 

A3(N)=C 

IE A4=0 THEN 6000 
A5=INT(A4/16; 

A6=a4'-( A5''M 6. 

A7=A7+( A6*A8] 

IE A5=0 then 5900 

7i8=A8*1 0 

A4=A5 00 TO 5300 

A3(N)=A7 

NEXT N 

REM~TEI^'iPERATURB BCD TO DECIHiiL DATA CONVERSION 


6100 FOR N=1 TO N2 
6200 A7=0 A8=1 

6400 A4=A2(N) 

6500 IE A4=0 THEN 7200 
6600 a5=INT (A4/16) 
6700 a6=A4~(A5*1 6) 

6750 a7=A7+(A6*A.8) 

6800 IE A5=0 then 7100 
6900 A8=A8^'<iO 



7000 A4=A5 go to 6600 
7100 A2(H) = a7 
7200 NEXT B 
7300 PRINT 
7400 PRINT 
7450 PRINT AU 
7460 PRINT A2Z 
7470 PRINT A3^i; 

7480 PRINT A4f; 

7490 PRINT 

7500 PRINT "S«N04 PRESS. 
7600 FOR 1=1 TO 50 
7700 PRINT 1 , A1 ( 1) , A2 ( 1) , A3 ( 1 ) 
7750 NEXT 1 
7800 END 


TEHP 



=;roK4,HAii 

PIMA-ASSEI’-IBLY PUFCTIONS 
. TITLE TTIlvI/j, 

. GLUBLE VALVEN, ERUBEIT, PI'THEIT, C A'-IRFE 
. GLUBL TEMPIl, DTT, STOI® 


KO=ZO '/“O 

Ri =zi i^y 

R2=Z2 %2 

R5=Z3 
R4=:2:4 %4 

R5=Z5 %5 

s;p=z6 %6 
PC=Z7 /«7 
OUBE=1 67772 
IJ;IBE=1 67774 
DRGSR=1 67770 
RAC1= 40 
PAC2= 42 
5 "VALV'’ 

CLR OUBE 

BIS #010000, OUBE 
XI ; TSTB DRCSR 

BPL XI 

X2; BIS #020000, OUBE 

RTS PC 

|"CAI®" 

CAlffiEN; CLR OUBE 

MOV #20000, R2 
BIS #140000, OUBE 
RTS PC 

I "PITH" (A,B) 

PITIIEH: CLR OUBE 

MOV #TABLE, RO 
JSR PC, GETARG 
.BYTE 1,1,0 
.EVER 

MOV A1 ,FAG1 , (R5) 
MOV A2,EAC2 ( R5) 
JSR PC, IHT 
MOV E AC 2 (R5),R2 
MOV B1 , EAC1 (R5) 
MOV 32, EAC2 (R5) 
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JSIl PC, INT 
MOV FAC 2 (R5), R3 
Z4: MOV #750,R4 

Z5 s TSTB R2 
REQ X21 
TSTB R3 
BEQ X6 

BIS #0003000, OUBP 
BR S7 

Z6; BIS #000100, OUBP 
Z7; DSO R4 
1ST R4 
3UE X7 
CLR OUBi^ 

MOV #250,R4 
X 82 dec R4 
TST R4 
Bl'TE Z8 
DEC R2 
BPL X4 
121 : RTS PC 

5'U?R0B'' (A,B) 

PROBPK”. MOV #TABLE,R0 
■ JSR PC , GETARCt 
♦BYTE 1,1,0 
.EVEN 



MOV 

A1 

'ACI 

(R5) 


MOV 

A2, 

FAC 2 

(R5) 


JSR 

PC, 

IPTT 



MOV 

EAC2 

(R5), R2 


MOV 

B1 , 

PAG1 

(R5) 


MOV 

B2, 

PAG 2 

(il5) 


JSft 

PC, 

INT 



MOV 

PAG 2 

(R5),R3 


CIR 

OUBP 



Z9s 

MOV 

#750 

,R4 



TSTB R2 




BEQ 


X20 


X1 0 ; 

TSTB R3 




BIS 

O 

o 

o 

o 

o 

OUBP 


BR X1 2 



X1 1 ; 

BIS 

#000001 , 

OUBP 

X1 2 s 

DEC 

R4 




TST 

R4 




BEE 

X1 2 





CLR OUBP 
IW #250,R4 
X13: I)RC R4 

TST R4 
BNE X1 3 

XI 4 s DEC R2 

BPL X9 
CLR OUBP 
X20 : RTS PC 

; "TEr'iP"(C) 

' TEMPER:; CLR OUBP 

MOV #TABLE, RO 
JSR PC, GETARG 
.BYTE 2,0 
.EVEN 

BIS #001000, OUBP 

CLR PACl (R5) 

MOV INBP, PAG 2 (R5) 
MOV #A1 , RO 
JSR PC, STORE 
C:LR. OUBP 
RTS PC 

5 "SCAN" (A,G) 

SCANPNs MOV #TABLE, RO 
JSR PC, GETAJIG 
.BYTE 1,2,0 
.EVEN 

MOV A1 ,PAC1 (R5) 
MOV A2,PaC2 (R5) 

JSR PC, INT 

MOV FAC 2 (R5), R2 

TSTB R2 

BNE XI 5 

CLR PACl (R5) 

CLR jOUBP 
BIS #002000, OUBP 
MOV INBP. PAC2 (R5) 
MOV #B1 , RO 
JSR PC, STORE 
BR XI 6 

XI 5 J BIS #004000, OUBP 

X16: RTS PC 



TABLE ; 


PUN? 


PUMTAB 


A1 ; .WORD 0 
A2;.W0RD 0 
B1 s.WORD 0 
B22.WORD 0 
C ;.V/ORD 0 

.El® 


mac 

.GLOBL VALVER, PRUBEN, PITHEE.ECjUIER 

.CSECT BASIGR 

.WORD EWRTAB 

.CSEGT EUR1 

.ASCII 'VALV 

.WORD ViiLVER 

.ASCII 'PRUB' 

.WORD PRUBEM 
.ASCII »PITH» 

.WORD EITHER 
.ASCII 'GAI®' 

.WORD GAMRER 
.ASCII ’SCAR' 

.WORD SCiiRER 
• ASCII 'TEMP* 

.WORD TEIIPER 
EHD 


, TEi-lPER 
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22-JUL 

-78 





MO WITH 

.SYS 

46 

3' 

"JUL" 

-78 

DXI'IWPB 

.SYS 

58 

3-'-JUL* 

-78 

TT 

.SYS 

2 

6 - 

"J.^W" 

-77 

DX 

.SYS 

2 

6 - 

■JM" 

,77 

RK 

.SYS 

2 

6 - 

■JM- 

-77 

PIP 

.SAV 

14 

6 - 

"JAW" 

-77 

MACRO 

.SAP 

31 

6 - JAW" 

-77 

EDIT 

.SAP 

19 

6 -JAW- 

■77 

LINK 

.SAP 

25 

6 - Jail 

■77 

SYSMAL 

.SML 

18 

1 6 ^ 

■Am- 

78 

PATCH 

.SAP 

5 

23 -JUW" 

78 

BASIC 

.SAP 

39 

24-*JUlL 

78 

BASLPS 

.SAP 

43 

22 - 

■JUL- 

78 

WINDTL 

.BAS 

14 

22 - 

■JUL"‘ 

78 

PUW4 

.MAC 

4 

22 - 

•JUL- 

78 

PTBL 

.MAC 

7 

22 - 

■JUL" 

78 

PBRPAR 

.mac 

2 

22 - 

•JUL- 

78 

PERVEC 

.MAC 

4 

22-.JUL" 

78 

RTINT 

.MAC 

1 

22 - 

‘JUL> 

78 

PPMP 

.OBJ 

8 

22 - 

■JUL- 

78 

GET arc 

.MAC 

5 

22 - 

■JUL- 

78 

LPSO 

.OBJ 

4 

2 2 — 

JUL- 

78 

LPS1 

.OBJ 

.4 

22 - 

JUL"' 

78 

LPS2C 

.OBJ 

4 

22 - 

JUL- 

78 

LPS3 

.OBJ 

4 

22 - 

JUL- 

78 

LPS 

.OBJ 

5 

2 2 - 

JUL- 

78 

BASICS 

.OBJ 

1 7 

22 - 

JUL- 

78 

BAS ICR 

.OBJ 

1 1 

22 - 

JUL- 

78 

BASICX 

.OBJ 

19 

22 - 

JUL- 

78 

BASICH 

.OBJ 

9 

22 - 

JUL- 

78 

UNUSED 

2 





30 PILES, 426 BLOCKS 
2 PREE BLOCKS 
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